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Summary 


Measurements  of  oabin  temperatures  on  the  ground,  with  and  without  the 
use  of  a Coolair  Minor  and  sun  awning  were  mr.de  on  a Canberra  aircraft  in 
tropical  conditions  at  Khartoum. 

It  is  considered  that  the  sun  awning  alone  is  sufficient  to  keep  cabin 
temperatures  at  a comfortable  level  and  that  ths  additional  expense  and 
complication  of  c Coolair  Minor  is  unwarranted  except  for  servicing  purposes. 

Tests  were  also  made  in  the  air  under  both  temperate  and  tropical 
conditions  to  assess  the  degree  of  cooling  afforded  by  an  A.C.R.E.9  Cold 
Air  Unit. 

At  low  altitudes  the  cabin  becomes  uncomfortably  hot  if  the  C.A.U. 
is  not  used  and  although  the  actual  temperature  drop  afforded  by  use  of  the 
unit  is  small,  a marked  increase  in  comfort  is  noticeable  if  lightweight 
clothing  is  worn. 

Modifications  to  increase  and  diffuse  the  mass  flow  at  the  cabin  inlets 
art  recommended,  particular  emphasis  being  made  on  the  desirability  of 
improved  cooling  during  taxying  when  the  crow  arc  likely  to  be  wearing  heavy 
clothing  suitable  for  high  .altitude  flying. 
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1. 


Introduction 


1.1  Cabin  temperature  tests  ware  made  on  Canberra  aircraft  ’TO.  954 
under  both  temperate  and  tropioal  conditions  to  assess  the  degree  of 
cooling  afforded  by  an  A.C.R.E.9  Cold  Air  Unit, 


1.2  The  tests  were  repeated  in  different  ambient  air  temperatures 

at  different  altitudes  to  collect  evidence  for  determining  the  factor  to  be 
used  for  correcting  cabin  teraperaturos  to  tropical  conditions.  The 
oonolusions  drawn  from  these  results  will  be  the  subject  of  a separate 
report. 

1.3  Trials  wore  made  at  Aden  under  conditions  of  high  temperature 
and  humidity  during  flight  to  ascertain  the  need  for  and  effectiveness  of 
the  water  separator  in  the  Cold  Air  System, 

1.4  Trials  were  made  on  the  ground  to  determine  the  cabin  temperatures 
reached  when  the  aircraft  was  parked  in  the  sun  and  a comparison  wa s drown 
between  the  results  obtained  with  the  standard  black  painted  aircraft  and 
with  the  forward  fuselage  covered  with  white  paper  to  simulate  a white 
painted  finish. 

1.5  Further  trials  wore  made  on  the  ground  using  a sun  own ing  to 
protect  the  forward  fuselage  from  the  direct  rays  of  the  sun. 

1.6  Ground  cooling  trials  were  made  to  assess  the  effectiveness  of  a 
Cold  air  Minor  and  a comparison  was  effected  by  conducting  a brief  test  with 
a Godfrey  R.2000  Air  Conditioning  Trolley. 

2.  Description  of  Cabin  /dr  Conditioning  System 


2.1  Canberra  WD.954  was  a standard  aircraft  fitted  with  an  installation 
providing  for  the  circulation  of  either  hot  or  cold  air  or  a mixture  of  both 
to  the  pressure  cabin.  Both  hot  and  cold  air  supplies  originated  from  air 
bled  from  the  12th  compressor  sta^o  of  each  engine  in  conjunction  with:- 

(a)  a Teddington  electrically  controlled  mixing  valve. 

(b)  a Cold  Air  Unit  Type  A,C.R.3.9.  (C.A.U. ). 

(c)  Primary  and  secondary  air  coolers. 

(d)  o pressure  ratio  controller.  (P.R.C.). 

The  mixing  valve,  C.A.U. , P.R.C, , and  the  secondary  cooler  were 
located  in  the  port  ’..ing  leading  edge  between  the  fuselage  and  engine  nacelle. 
The  primary  cooler  was  fitted  in  the  otbd.  wing  leading  edge  close  to  the 
fuselage. 

2.2  The  installation  was  primarily  controlled  by  three  sv itches^  ^ 

fitted  on  the  pilot's  starboard  instrument  panel.  One  switch  marked  "HOT 
and  "COLD"  controlled  the  double  acting  mixing  valve  and  by  "inching"  the 
switch  the  valve  could  bo  set  to  govern  the  cabin  temperature  os  required. 

The  other  switches  numbered  1 and  2,  in  conjunction  with  two  relays, 
controlled  the  hot  air  supplies  by  action  of  two  engine  isolation  ooclcs. 

These  cocks  and  also  two  non— return  valves  in  the  same  pipe-lines  were 
located  in  the  leading  edge  of  the  wings  close  to  the  inboard  engine  ribs. 

2.3  The  Toddingbon  mixing  valve  was  a double  acting  unit  which  could 
be  set  in  any  desired  position)'  the  position  being  communicated  to  the  pilot 
by  on  indioator  on  his  stbd,.  instrument  panel. 

2.4  Tho  Cold  Air  Unit  hod  a turbine  and  a compressor  and  was  self- 
operating,  tho  r.p.n.  being  regulated  by  the  quantity  of  air  flowing 
through,  it. 

2.5  Provision  was  made  in  tho  system  for  the  fitting  of  two  types  of 
P.R.C.  Tho  Godfrey  Typo  P.R.C. , which  was  installed  throughout  those  trials, 

/was 
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pneumaticolly  operated  and  located  in  the  pipeline  between  the  mixing 
valve  and  the  C.A.U,  Control  of  the  air  flow  in  the  pipeline  W03  by  an 
integral  valve  in  the  controller  assembly.  The  alternative  in st a1 lotion 
(a  Toddington  electrically  controlled  P.R.C. ) was  not  used.  The  P.R.C. 
controllod  the  pressure  between  tho  inlet  and  outlot  of  the  C.A.U.  turbine, 
and  the  outoraa.tic  limitation  of  the  ratio  to  a predetermined  figure  prevented 
the  C.A.U,  over speeding. 

2.6  To  prevent  condensation  in  the  pressure  cabin  a water  soparotor 
was  installed  in  the  cabin  supply  line  oft  of  a non  return  valve  behind  the 
pressure  bulkhead.  drain  was  fitted  between  tho  separator  and  an  outlet 
on  the  port  fuselage  skin. 

2.7  To  pressurise  the  cabin  the  gate  valves  controlling  the  air  supply 
from  each  engine  wore  opened  by  operation  of  switches  on  the  instrument  panel 
(see  para.  2.2)»  If  worm  air  was  required  the  temperature  control  switch 
could  bo  inched  towards  the  HOT  position.  Heated  air  from  each  engine  then 
flowed  through  the  gate  valves  and  non-return  valves  to  a common  pipe  line- 
feeding  the  hot  side  of  the  mixing  valve.  Prom  this  unit  the  supply  passed 
through  a constant  flow  valve  (set  to  deliver  8 lbs.  air  per  minute)  to  the 
cabin  via  the  water  separotor  and  non-return  valve. 

2.8  Upon  selecting  COLD  at  the  temperature  control  switch,  air  flowed 
from  the  common  pipeline  through  the  primary  cooler  to  the  cold  side  of  the 
mixing  valve.  Prom  the  latter  unit  tho  partly  cooled  air  passed  through  the 
P.R.C.  to  the  compressor  of  the  C.A.U.  '/hen  the  C.A.U.  was  brought  into 
operation,  air  entered  the  unit  at  the  compressor  inlet  port  and  passed  from 
the  compressor  into  the  secondary  cooler.  From  the  secondary  cooler,  tho 

air  re-entered  the  C.A.U.  at  the  turbine  inlet  and  expanded  through  the  nossle 
ring  and  turbine  into  the  supply  ducting. 

2.9  A diagrammatic  representation  of  the  complete  system  is  shown  at 
Pig,  1 , and  an  installation  drawing  showing  tho  relative  positions  of  the 
various  units  appears  at  Pig. 2.  It  will  be  noticed  that  a supply  of  air 
controlled  by  a constant  flow  valve  was  fed  to  the  rear  camera  when  the 
gate  valves  were  open.  This  air  remained  hot  irrespective  of  the  position 
of  the  mixing  valve  which  controlled  only  the  air  supplied  to  the  cabin. 

Pig. 3 shows  the  arrangement  of  the  C.A.U,  installation  in  the  port  wing  and 
a sectional  drawing  of  the  A.C.R.3. 9 unit  appears  at  Pig.4.  The  ducting 
for  the  ram  air  intake  at  the  primary  and  secondary  coolers  is  shown  at 
Pigs.  5 &nd  6. 

2.10  Air  entered  the  cabin  through  a pipe  passing  through  the  pressure 

bulkhead.  Toppings  in  this  pipe  fed  air  through  smaller  diameter  pipes  to:- 

ia)  A fishtail  forward  of  the  pilot's  rudder  bor. 

b)  A fishtail  at  the  bomb  aimer's  v/indow. 

c)  A diffuser  on  the  port  side  of  the  pilot's  seat, 

d)  6 louvres  permitting  individual  control  of  the  amount  and/ or 
direotion  of  the  air  flow. 

The  arrangement  of  the  ducting  and  the  louvres  is  shown  at  Pig. 7 and 
positions  of  the  individual  louvres  appear  at  Pigs.  8 to  13. 

2,11  Canberra  aircraft  not  fitted  with  a C.A.U,  ore  supplied  (when 
unpressurised)  with  ventilating  air  through  a ram  air  scoop  fitted  forward 
of  the  canopy.  Air  passed  through  a non  return  valve  and  water  trap,  to  a 
louvre  on  the  port  side  instrument  panel,  (see  Pig, 7).  This  installation 
was  not  normally  intended  for  use  where  a C.A.U,  was  fitted,  but  was 
instolled  for  these  trials  to  permit  comparative  tests  to  be  mode  os 
between  a standord  aircraft  and  one  fitted  with  a C.A.U. 

3,  Description  of  Instrumentation 

3,1  The  aircraft  wo3  fitted  with  a balanced  bridge  outside  air 
thermometer  and  thermometer  pencils  protected  from  radiation  at  the  following 
positions.  /(a). 


I a)  Pilot's  hood 

b)  Pilot's  hands 

c)  Pilot's  foot 

d)  Navigator's  hands 
c)  Navigotor's  feet 
f)  Bomb  aimer's  hands  )c  . , ... 

g Bomb  aimer's  feet  )Seotod  Positlon‘ 
h)  Accumulators 
i)  Gyro  instruments 
i)  Radio. 

A psychrometer  was  installed  in  the  oabin  to  record  the  insido  humidity 
during  the  trials. 

3.2  An  automatic  observer  was  fitted  in  the  bomb  bay  to  reoord  the 
behaviour  of  the  cold  air  system  during  the  trials.  Fig,  14  shows  the 
arrangement  of  the  auto  observer  panel  together  with  the  instrumentation 
and  ranges.  Thermometer  pencils  and  pressure  tappings  necessary  for  operation 
of  the  auto-observer  instruments  were  introduced  as  required  in  the  cold  air 
system  pipes  as  shown  at  Pigs.  15  and  16. 

3.3  A separate  auto-observer  installed  in  the  cabin  for  performance 
trials  was  used  to  collect  data  for  determining  the  engine  compressor 
pressures  available  for  operating  the  C.A.U.  during  ground  running  and 
taxying. 


3.4  In  order  to  record  engine  bay  temperatures  whilst  the  aircraft 
was  parked  in  the  sun  and  also  during  ground  running,  thermocouples  were 
fitted  in  the  port  engine  nacelle  in  the  following  positions  and  a remote 
reading  instrument  supplied  which  could  be  plugged  into  a socket  in  the 
port  wheel  well. 

Engine  compressor  casing. 

Torch  ignitor  cap. 

Booster  coil  case.  - - 

Top  rear  side  main  spar  near  jet  pipe. 

Inside  nacelle  skin  on  centre  line,  3”  eft  of  main  spar. 

4,  Description  of  trials 

4.1  Trials  were  first  made  under  ter.qperate  conditions  at  Boscombe 
Down  prior  to  departure  for  Khartoum.  The  aircraft  was  flown  at  1500' 

I.C.A.N.  at  200,  325  and  485  knots  I.A.S.  until  cabin  temperatures  hod 
stabilised  with  the  air  selected  fully  cold.  During  tho  200  and  485  knot 
levels  tho  air  supply  was  solected  HOT  for  a few  minutes  after  take-off 
in  order  to  induce  some  heat  into  the  oebin  and  thereby  facilitate 
assessment  of  the  rate  of  subsequent  cooling  afforded  by  the  C.a.U.  when 
the  air  was  selected  COLD.  During  the  325  knot  level  the  air  was  selected 
COLD  until  stabilised  temperatures  had  been  recorded  and  then  the  gate 
valves  were  closed  thus  blanking  off  all  ventilation  to  the  cabin.  The 
subsequent  temperature  rise  was  noted.  Automatic  observer  shots  were  taken 
at  minute  intervals  during  each  flight. 

4.2  A Godfrey  3.6  to  1 P.R.C.  had  been  installed  during  the  trials 
made  at  Boscombe  Down  but  prior  to  departure  for  Khartoum  this  was  removed 
and  a similar  unit  set  to  control  the  pressure  ratio  at  4,2  to  1 w os 
installed.  This  unit  was  found  to  bo  unserviceable  on  arrival  at  Khartoum 
and  the  3.6  to  1 P.R.C.  was  refitted  for  the  remainder  of  the  trials. 

4.3  During  transit  from  Boscombe  Down  to  Castel  Benito  and  Castel 
Benito  to  Tadi-Seidna,  a record  was  kept  of  the  cabin  temperatures 
together  with  the  position  of  tho  air  conditioning  control  which,  was 
regulated  as  required  to  maintain  comfort, 

4.4  During  tho  flight  trials  made  under  tropical  conditions  at 
Khartoum  the  aircraft  was  flown  at  3000'  I, C.A, N.  at  200  and  325  knots  I.A.S, 
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until  cabin  temperatures  had  stabilised.  The  trial  was  ropeatecl  at  both 
speeds,  firstly  with  the  C.A.U. . in  operation  and  the  ram  air  ventilation  off, 
and  secondly  (in  order  to  assess  the  degree  of  oooling  afforded  by  the  C.A.U.) 
with  the  ram  air  on  and  C.A.U.  off.  A comparison  of  the  results  will  be  as 
between  a standard  aircraft  and  one  fitted  with  a C.A.U.  Sustained  low  level 
flying  at  spoods  in  exooss  of  325  knots  was  found  to  bo  impracticable  owing 
to  severe  bumpiness,  automatic  observer  shots  were  token  at  minute  intervals 
during  the  trials  made  with  the  C.A.U,  on. 

A* 5 The  200  knot  level  was  repeated  at  night  (under  conditions  of  no 
solar  radiation)  both  with  C.a, U.  on  and  ram  air  off  and  vice  versa.  These 
trials  were  mode  immediately  after  sundown  whilst  the  O.a.  T.  was  still  high 
enough  to  allow  a reosonoblo  comparison  to  be  made  between  these  results  and 
those  obtained  during  the  day.  Automatic  observer  shots  we  re  again  token  at 
minute  intervals  throughout  the  flight  with  the  C.A.U.  on. 

A. 6 During  the  trials  already  described,  particular  attention  was  paid 
to  the  different  levels  of  comfort  experienced  during  toxying,  both  with  ond 
without  using  the  C.A.U.  The  different  temperatures  recorded  under  the  two 
conditions  are  shown  in  tabulated  and  graphical  form  together  with  the 
results  of  the  flight  trials  (see  para.  5*3*). 

4.7  Ground  temperature  trials  were  mode  to  determine  the  cabin 
temperatures  ond  humidities  reached  when  the  o/c  was  parked  in  the  sun. 
Comparative  trials  we re  made  under  the  following  conditions:- 

(a)  Standard  block  painted  aircraft  without  protective  covering  or 
sun  awning. 

(b)  Standard  black  aircraft  with  sun  awning  in  situ  in  conjunction 
with  a white  painted  nose  bag  and  a strip  of  fibreglass  over 
forward  fuselage. 

(c)  Front  fuselage  covered  with  ’white  paper  to  simulate  a white  painted 
finish. 

Two  views  showing  the  arrangement  of  the  sun  awning  and  white  paper 
covering  are  shown  at  Figs.  43  and  44. 

4.8  Trials  were  made  to  determine  the  degree  of  cooling  afforded  by  an 
li.L.  aviation  Cooloir  Minor,  (on  air  conditioning  unit  designed  for  use  on 
aircraft  parked  in  the  tropical  sun).  The  aircraft  had  been  parked  in  the 
sun  from  09.30  to  15.00  hours.  The  Cooloir  Minor  was  storted  at  15.00  hours 
during  trials  (a)  ond  (b)  above  and  cooling  continued  for  30  minutes. 

Following  completion  of  cooling,  the  subsequent  rise  in  cabin  temperatures 
v/as  recorded  at  5 minute  intervals  for  a further  30  minutes. 


4.9  Prior  to  departure  for  Khartoum  the  Cooloir  Minor  hod  been  tried 
at  Boscoribe  Down  and  it  had  been  found  expedient  to  provide  a diffuser  nozzle 
at  the  outlet  of  the  delivery  hose  to  distribute  the  flow  of  cooling  oir 
more  evenly  throughout  the  cabin.  The  diffuser  was  used  during  all  the 
subsequent  trials  made  at  Khartoum.  A photograph  of  the  diffuser  appears 
at  Fig.45  end  the  arrangement  of  the  Cooloir  Minor  during  the  trials  is 
shown  at  Fig.  46. 


4.10  A Godfrey  R.  2000,  Air  conditioning  Trolley  was  available  for  a 
short  period  and  brief  cooling  trials  were  made  under  condition  (b)  above 
to  obtain  further  data  on  the  amount  of  flow  required  to  provide  adequate 
cooling.  A general  arrangement  of  the  Godfrey  R.2000  Trolley  is  shown  at 
Pig.  47. 


4.11  Engine 
were  noted  whilst 
(see  para.  4*7). 
running. 


bay  temperatures  at  the  positions  mentioned  in  para.  3.4 
the  aircraft  was  parked  in  the  sun  during  trial  (b) 

These  temperatures  were  also  recorded  during  ground 
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4.12  In  order  to  colleot  data  on  possible  oonopy  misting  tho  aircraft 
was  flown  from  Khartoum  to  Aden  at  43/000'  I,  C.A.N.  This  was  followed  by  a 
maximum  rate  descent  at  65OO  R.P.M,,  Mcoh  No,  »8  and  dive  brakes  out,  to 
3,000'  I. C.A.N.  (mean  descent  rote  approx,  8000  ft.  per  minute).  The  air 
conditioning  control  remained  in  tho  hot  position  throughout  the  transit 
flight  and  during  the  first  part  of  the  desoent  but  was  selected  oold  ot 
20,000'  I.C.A.N,  during  the  descent, 

4.13  In  order  to  determine  the  need  for  and  effectiveness  of  the  water 
separator,  trials  we re  made  at  Aden  both  with  and  without  the  separator. 

The  trials  included  flights  at  100  ft.  over  the  sea  a.t  various  airs£>eeds  up 
to  350  knots  I.A.S.  The  effects  of  fogging  and  condensation  in  the  cabin 
were  noted  during  the  flights  both  with  and  without  the  separator. 

5.  Results  of  Trials 


5.1  The  tabulated  results  of  the  trials  made  at  Boscombe  Down  are 
shown  at  Rigs.  1?  to  19,  and  graphs  showing  the  temperature  ranges  throughout 
the  flights  appear  at  Pigs.  20  to  22.  A graph  showing  the  average  cabin 
tempero-tures  during  the  same  flights  is  shown  at  Pig.  23. 

5.2  The  tabulated  results  observed  during  the  transit  flights  are 
given  a-t  Pig.  24  and  graphs  showing  changes  in  the  average  cabin  temperature 
and  position  of  the  air  conditioning  control  appear  at  Pigs,  25  and  26, 

5.3  Results  of  the  trials  made  during  daylight  at  Khartoum  are  given 
in  tabulated  form  at  Pigs.  27  to  30.  Graphs  showing  the  temperature  changes 
recorded  during  the  flights  appear  at  Pigs.  31  to  34  and  comparisons  of  the 
average  oabin  temperatures  are  shown  at  Pigs.  35  and  36.  The  results  of  the 
trials  made  at  night  arc  similarly  shown  ct  Pigs.  27  to  41  whilst  a comparison 
ef  the  average  cabin  temperatures  recorded  during  the  three  flights  made  with 
the  G.jwU.  on  is  shown  ot  Pig.  42. 

5.4  The  temperatures  recorded  "whilst  the  aircraft  was  parked  in  the  sun 
and  during  the  subsequent  cooling  trials  are  shown  in  tabulated  form  at 
Pigs,  48  to  50.  Tho  average  cabin  tomporatures  under  the  three  conditions 
(see  para,  4.7)  is  shov/n  at  Pig.  51. 

5.5  Engine  boy  temperatures  recorded  both  during  ground  running  and 
with  engines  stopped  are  given  at  Figs,  52  and  53. 

5.6  Thu  effects  of  canopy  misting  during  a rapid  descent  and  of  fogging 
up  during  flight  without  a v/ater  separator  are  discussed  fully  at  paras,  8.2 
and  9,2. 

6,  Discussion  on  Cabin  Temperature  Results 

6.1  During  all  the  c.obin  temperature  trials  the  average  of  the  seven 
temperatures  recorded  at  distributed  points  in  the  oabin  is  considered  to 
be  the  best  possible  indication  as  to  the  degree  of  heating  or  cooling 
afforded  by  the  air  conditioning  system. 

The  individual  measurements  at  the  seme  seven  positions  show  the 
effective  distribution  of  the  heating  or  cooling  supplied. 

6.2  The  amount  of  cooling  afforded  to  the  cabin  by  the  Cold  Air  Unit 
and  its  associated  components  appeared  to  the  crew  to  be  reasonably  evenly 
distributed  although  the  temperature  rongo  at  the  stabilised , condition  of 
each  trial  was  well  above  the  $°C  recommended  by  A.P.  $10,  Pig.  54  shows  the 
actual  temperature  ranges  recorded  during  the  flights  with  cold  air  on  and 
each  graph  has  similar  tendencies,  tho  temperoture  at  the  pilots  feet  being 
the  lowest  in  each  case.  It  would  appear  that  diversion  of  some  of  the  flow 
from  this  position  to  other  ports  of  the  cabin  would  result  in  a more  even 
temperature  distribution.  The  some  ducting  is  also  used  for  supplying  heated 
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“lr  to  tho  Gnbin  at  high  altitude  and  roforonco  to  tho  results  of  the 
transit  t lights  at  Figs.  2k,  25  and  2 6 will  show  that  with  an  O.A, T. 
lower  than  - 55°0  the  heating  supply  is  ample  to  maintain  comfortable 
° m1:iperatur0S  2it-°C)  even  without  selecting  fully  hot,  With 

P‘ A*?*.  °f  " 75* °0  (A.P.  970's  minimum  essential  requirement)  it  is  unlikely 
that  cabin  temperatures  will  fall  below  zero  and  they  should  certainly  remain 
well  above  -5°C  (A.?.  970  minimum  requirement). 


The  temperature  at  the  pilot's  feet  during  transit  was  at  all  times 
within  4°C  of  cabin  overage  and  it  would  appear  that  alterations  to  the 
supply  ducting  to  •■'’istribute  the  cold  air  more  evenly  would  have  adverse 
effects  on  the  hot  air  supply.  The  present  arrangement  con  then  be 
considered  satisfactory  as  regards  distribution  of  the  air  but  further 
comments  and  suggestions  for  modifications  are  discussed  at  para,  6,12, 

6,3  Reference  to  Figs,  17  to  22  giving  the  results  of  the  trials 
mode  at  Boscombe  Down  will  show  that  a oold  air  system  is  desirable  for  low 
level  flying  (particularly  at  high  speeds)  even  under  temperature  conditions. 


The  average  stabilised  cabin  temperature  with  an  O.A.  T,  of  12°0  was  log 
higher  than  A.P,  970  max.  (33°C)  at  A85  knots,  the  highest  temperature 
recorded  being  40°C  at  the  bomb  aimers  hands.  It  appears  that  a greater 
degree  of  cooling  is  desirable  even  under  temperate  conditions. 


6, A During  the  325  knot  flight  at  Boscombe  Down  the  gate  valves  wore 
closed  after  the  temperatures  had  stabilised  end  although  the  temperature., 
at  tho  pilots  heod  showed  a rise  of  17°C  in  15  minutes,  the  average  temperature 
rose  only  4°C  in  the  same  time  although  no  ventilating  air  from  any  source 
was  being  provided. 


6. 5 The  results  of  the  trials  mode  at  Khartoum  are  shown  at  Figs,  27 
to  ifl  and  comparison  of  the  average  stabilised  tenperotures  recorded  during 
these  flights  both  with  and  without  using  the  C.A.U.  show  that  only  a small 
reduction  is  afforded  by  the  unit. 


At  200  knots  the  average  temperature  with  ram  air  ventilation  only  was 
50°G  and  with  C,A. U.  on  was  if°0  lower.  At  325  knots  the  average  temperature 
with  ram  air  only  was  50°C  and  with  C.A.TJ.  on  was  9°0  lower. 


Although  the  temperature  reduction  afforded  by  the  C.A.U.  was  small 
the  difference  in  crew  comfort  was  very  noticeable  and  out  of  all  proportion 
to  the  small  change  in  actual  temperature. 


It  is  apparent  that  temperature  alone  is  not  an  indication  as  to  comfort 
and  that  other  factors  ore  assisting  the  maintenance  of  comfort  at  temperatures 
normally  considered  excessive.  It  is  well  known  that  a more  reliable  index 
of  crew  comfort  is  given  by  "effective  temperature" ; but  due  to  uncertainty 
in  the  meosurement  of  humidity,  this  has  not  been  quoted. 

Acute  discomfort  was  experienced  by  the  orew  when  flying  under 
conditions  of  ram  air  ventilation  only.  Rapid  perspiration  continued 
throughout  these  flights  and  the  relief  felt  when  the  C.A.U,  was  eventually 
switched  on  was  immediately  noticeable  notwithstonding  a negligible 
temperature  drop. 

6,6  The  relative  humidity  in  the  cabin  under  conditions  of  ram  air 
ventilation  only,  varied  from  71  to  83$  and  with  C.A.U.  on  from  62  to  7Q*. 

The  lower  relative  humidity  could  ocoount  for  a small  improvement  in 
comfort  during  the  trials  with  cold  air  on  but  the  effect  of  this  would  be 
hardly  noticeable.  The  vastly  improved  comfort  level  with  cold  air  on  is 
probably  due  to  maintaining  a high  flow  of  cool  air  over  each  crew  member 
thus  assisting  the  rapid  evaporation  of  perspiration  resulting  in  a feeling 
of  comparative  comfort.  It  is  probable  that  flight  under  conditions  of 
ram  oir  ventilotion  only  would  not  have  been  so  severely  uncomfortable  if 
the  air  hod  been  supplied  in  tho  same  positions  and  in  tho  some  quantity  as 
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the  oold  air.  It  wrs  however  supplied  through  one  louvre  only  (soe  Fig, 7) 
and  in  insufficient  quantity  to  prevent  stagnation  in  most  parts  of  the 
cabin.  The  amount  of  ram  air  supplied  through  this  louvre  was  in  faot  loss 
than  1/lfOth.  of  that  supplied  by  the  C.A.U, 

6.7  The  clothing  worn  during  the  trials  varied  but  was  at  all  times 
roughly  the  equivalent  of  a lightweight*  flying  suit  over  vest  and  trunks. 

The  degree  of  comfort  attributed  in  para.  6, 6 to  a flow  of  cool  air  to 
assist  evaporation  of  perspiration  would  not  be  so  apparent  if  heavier 
clothing  were  worn  in  vr operation  for  high  altitude  flying  with  the  possible 
necessity  of  abandoning  the  aircraft. 

6.8  The  actual  temperatures  recorded  during  flights  made  at  20,00 0 and 
30,000  feet  with  oold  air  on  are  not  quoted  in  this  report  but  it  was 
particularly  noticed  that  the  crew  members  who  had  beoomc  acclimatised  to 
tropical  conditions  began  to  feel  very  cold  when  the  average  cabin  temperature 
fell  to  20°C.  Y/Ith  an  average  temperature  of  40°C  each  crew  member  felt 
comfortable  although  this  is  7°C  above  A.P.  970  max.  A.P.  970  minimum 
requirement  of  -5°C  may  bo  sufficient  to  maintain  comfortable  conditions 

for  persons  accustomed  to  arctic  conditions  but  the  heating  supply  necessary 
to  meet  this  requirement  would  be  inadequate  during  high  altitude  flying 
by  crew  members  acclimatised  to  higher  temperatures. 

6.9  The  comfort  levels  noted  during  these  trials  are  so  widely  divergent 
from  A.P.  970  requirements  that  it  is  considered  unwise  to  attempt  to  correct 
the  recorded  temperatures  to  A.P.  970  max.  and  min.  conditions. 

In  view  of  the  probable  inaccuracy  of  any  correction  factor  used  for  this 
purpose  the  resultant  figures  w juI'  in  any  case  be  misleading, 

6.10  During  taxying  the  C.A.U.  was  found  to  be  of  but  little  assistance 
in  lowering  the  cabin  temperatures  and  generally  uncomfortable  conditions 
prevailed  until  take-off  whon  a strong  stream  of  cold  air  emitted  from  the 
louvres  offered  immediate  relief. 

It  is  again  pointed  out  that  lightweight  clothing  was  worn  during  these 
trials  e.nd  the  relief  afforded  by  the  airstream  would  not  be  so  apparent  if 
heavier  clothing  hod  been  worn  in  anticipation  of  high  altitude  flying. 


Conditions  whilst  taxying  with  the  C.a. U.  on  were  hoticeably  more 
comfortable  than  with  ram  air  only  and  this  v/as  due  mainly  to  the  emission 
of  puffs  of  cooling  air  when  the  engine  R.P.M.  were  occasionally  increased, 
thus  preventing  the  stagnation  which  prevails  in  the  cabin  when  ram  air 
only  is  selected. 

Pig.  55  shows  the  engine  compressor  pressures  available  for  air 
conditioning  during  ground  running  and  it  is  opponent  that  only  a negligible 
degree  of  cooling  can  be  expected  during  the  normal  taxying  range. 

The  variation  in  mass  flown  with  engine  delivery  pressure  is  shown  at 
Pig.  56,  At  the  pressures  available  during  taxying  a mass  flow  in  excess 
of  4 lbs.  of  air  per  minute  is  unlikely  even  during  short  bursts. 

6,11  The  entry  of  all  air  supplied  to  the  cabin  is  via  the  louvres  and 
fishtails  shown  at  Pigs,  7 to  13. 

Although  the  present  distribution  of  the  conditioning  air  supply  is 
generally  satisfactory  It  is  considered  that  a substantial  increase  in  mass 
flow  will  be  necessory  if  comfort  is  to  be  achieved  by  low  cabin  temperature., 
rather  than  by  the  present  arrangement  of  localised  cold  air  streams. 


The  former  is  obviously  preferable 
provide  for  heavily  clad  cr ew  members. 


if  it  can  be  attained  as  it  would 
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The  existing  arrangement  of  cabin  ducting  is  however  unsuitable  for 
the  provision  of  a mass  flow  greater  than  that  already  supplied  as  tho 
strong  airstroams  experienced  at  high  speeds  beoerne  distracting  and  the 
p design  of  the  louvres  is  such  that  any  attempt  to  deflect  the  air  stream 

results  in  a corresponding  reduction  in  area  of  the  internal  orifice,  thereby 
. restricting  the  flow. 

The  provision  of  a greater  mas3  flow  would  then  necessitate  either  an 
increase  in  the  number  of  louvre3  of  preferably  a redesigned  form  of  ducting 
with  provision  for  diffusing  the  supply  of  air  at  the  oabin  inlets. 

A length  of  perforated  tubing  surrounding  the  cobin  at  two  or  more 
different  levels  is  envisaged  os  a possible  improvement  but  only  if  the  moss 
flow  is  substantially  inoreased.  The  provision  of  this  form  of  ducting 
without  improving  the  supply  could  result  only  in  reducing  the  cooling 
effects  provided  by  the  existing  localised  cold  air  streams. 

An  improved  form  of  louvre  permitting  deflection  of  the  air  stream  in 
any  desired  direction  v/ithout  affeoting  the  flow  would  however  improve  the 
present  system.  Reference  to  Pig. 7 will  show  that  apart  from  the  louvres 
the  only  air  supply  to  the  cabin  is  via  two  fishtails  and  one  small  diffuser. 
Closure  of  the  louvres  and  ciffuser,  (which  could  happen  during  flight  by 
independent  a ire rev/  action)  would  heavily  restrict  the  flow  and  possibly 
cut  the  supply  to  a level  less  than  the  cabin  leek  rate  thereby  preventing 
effective  pressurisation, particularly  if  the  fishtails  became  damaged  (see 
Pig.  13). 


6.12  Except  whilst  parked  in  the  sun  and  during  subsequent  toxying 
the  temperatures  at  the  accumulators,  rodio  and  gyro  instruments  are  not 
likely  to  exceed  the  A.P.  970  maximum  of  55°C  although  reference  to  Fig. 2k 
shows  that  the  temperatures  at  the  accumulators  fell  below  A.P.  970  minimum 
(CPC)  during  the  transit  flight  at  42,000  ft.  with  O.A.T.  -5?°C. 

The  actual  temperature  recorded  was  -5°C  and  this  would  become^ 
substantially  lower  at  the  A.P.  970  minimum  essential  condition  (-75°C). 

6.13  Following  the  low  level  flights  at  Khartoum  it  was  discovered 
that  the  hot  air  su.yly  fed  to  the  rear  oomera  had  melted  the  gelatine 
emulsion  on  the  filter. 

Reference  to  Pig.  1 , will  show  that  the  air  supplied  at  this  position 
is  tapped  directly  into  the  engine  compressor  line  and  is  always  hot 
irrespective  of  the  position  of  the  cabin  conditioning  oontrol.  The  temperature 
of  the  air  emitted  at  the  camera  was  not  recorded  but  reference  to  Fig.  57 
shows  that  it  could  be  as  high  as  250°C. 


The  provision  of  a thermostatic  unit  to  control  the  supply  at  this 
position  appears  desirable  although  diversion  of  some  of  the  flow  to  the 
accumulator  boy  (see  pora.  6.12)  might  stop  recurrence  of  this  trouble 
providing  sufficient  heat  is  still  maintained  under  low  temperature  conditions. 


7,  Discussion  on  ground  temperature  and  cooling  results 


7,1  The  cobin  temperatures  recorded  whilst  the  aircraft  was  parked 
in  the  sun  and  during  subsequent  cooling  trials  with  the  Coolair  Minor  and 
R2000trolleys  are  given  at  Figs.  48  to  51 • 


7,2  If  the  standard  black  painted  aircraft  remains  in  the  sun 
unprotected,  the  temperatures  throughout  the  cabin  become  excessive  and 
all  metal  ports  become  too  hot  to  touch  with  the  naked  skin.  The  nxgheso 
temperature  recorded  was  81  °C  at  the  pilots  head  when  O.A.T.  was  (.1  • 

The  average  temperature  was  68°0  and  the  range  between  the  highest  anc'l 
lowest  temperatures  was  21 oc.  Buckles  of  parachute  harnesses  left  in  the 
seats  became  so  hot  that  fitment  of  the  parachute  was  an  unoomf ortable 
prooess  and  the  hot  metal  parts  could  be  felt  through  the  clothing.  Entry 
into  the  cabin  was  difficult  in  view  of  the  high  temperatures  of  the  metal 

/structure.,,.. 


- 12  - 


orounct  the  door  and  vital  oontrols  wore  too  hot  to  touoh  unless  gloves 
were  worn. 

7.3  Steps  taken  to  keep  the  temperatures  at  comfortable  levels  included  V 
use  of  the  sun  awning  depicted  at  Fig,43.  The  highest  cabin  temperature 

reoorded  whilst  the  awning  was  in  situ  was  47°0  at  the  pilot's  feet  when 
0. A.T.  was  41 °C.  The  average  temperature  was  46°C  and  the  range  between 
highest  and  lowest  temperatures  was  only  3°0. 

To  aircrew  acclimatised  to  tropical  conditions  the  rise  of  5°C  on 
entering  the  cobin  was  not  uncomfortoblc:  in  fact  entry  offered  shelter  from 
the  direct  rays  of  the  sun  and  conditions  were  more  tolerable  than  when 
standing  outside  unsheltered. 

The  awning  was  used  throughout  the  trials  mode  at  Khartoum  and  was 
left  in  position  during  starting  up  and  removed  only  when  the  pilot  signalled 
"chocks  away".  The  subsequent  rises  in  cabin  temperatures  whilst  taxying 
varied  from  3 to  6°C  in  an  average  taxying  time  of  5 minutes. 

7.4  Further  trials  with  the  forward  fuselage  covered  wit h white  paper 
as  shown  at  Fig, 44  resulted  in  a maximum  temperature  at  the  pilot's  hands  of' 

63°C  when  O.A.T.  was  41  °G,  The  average  temperature  was  56°C  and  the  range 
between  highest  and  lowest  temperatures  was  1 3°C. 

Entry  into  the  cabin  under  these  conditions  was  still  uncomfortable  but 
a marked  inprovement  on  the  conditions  that  prevailed  during  the  trial  without 
protection. 

The  effect  of  a white  painted  finish  on  cabin  temperatures  during  taxying 
and  in  flight  could  not  be  tried  but  the  results  obtained  during  ground  trials 
show  substantial  reductions  in  temperatures  and  it  is  considered  that  a marked 
improvement  would  bo  noticed  during  flight. 

Fig,  44  shows  the  white  paper  coating  extending  over  the  pilots  canopy  , 

as  far  as  a straight  line  drawn  between  the  two  aerials.  It  was  found  that 
this  did  not  affect  the  range  of  vision  of  the  pilot  when  his  harness  was 
fastened,  in  fact  the  cover  could  be  extended  a further  6"  forward  on  the 
centre  line  of  the  aircraft  with  a gradual  sweep  back  tn  the  tops  of  the 
aerials.  The  coolinr  advantages  of  reducing  the  area  of  transparency  ore 
obvious,  and  since  the  alteration  is  so  simple  it  is  felt  that  Service 
experience  should  bo  obtained  by  Squadrons  in  tropioal  areas, 

7. 5 The  cooling  trials  made  with  a Coolair  Minor  showed  a drop  in 
average  cabin  temperature  of  18°C  in  30  minutes  with  on  unprotected  aircraft 
and  7°C  in  30  minutes  when  the  awning  wo s in  situ. 

The  subsequent  rises  in  temperature  when  cooling  ceased  we re  respectively 
7 and  5°C  in  30  minutes.  In  view  of  the  successful  results  obtained  with 
the  awning  it  is  considered  tho-t  the  dep,ree  of  cooling  afforded  by  the 
Coolair  Minor  does  not  merit  its  use  for  cabin  cooling  on  this  type  of 
aircraft.  Entry  of  the  large  diameter  hose  through  the  small  doorway 
restricts  the  space  available  for  servicing  and  this  method  of  introducing 
cooling  air  is  not  reoornmonded. 

7.6  Although  use  of  the  Coolair  Minor  for  cabin  cooling  is  considered 
unnecessary  it  has  been  employed  successfully  for  maintaining  suitable 
working  oonditions  for  servicing  personnel  (not  necessarily  in  the  cabin). 

The  rate  of  flow  and  temperature  of  the  air  supplied  are  insufficient 
to  cause  a physical  shock  due  t"  tu>  rapid  cooling  an'1  this  trolley  is  ideally  7- 
suited  for  the  purpose  stated. 

7.7  Brief  cooling  trials  made  with  a Godfrey  R.2000  Air  Conditioning 
Trolley  resulted  in  a drop  in  average  temperature  from  48  to  32°C  in  10 
minutes.  The  O.A.T.  was  41  °0  and  sun  awning  was  in  situ, 

/This.. 
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This  result  howover  was  only  to  be  expooted  with  a trolley  having 
the  oapaoity  to  oool  large  passenger  aircraft. 

8.  Disoussicn  of  Canopy  Misting  Tost 

8.1  During  the  high  altitude  transit  flight  preceding  the  maximum 
rate  of  descent' for  assessing  canopy  mistinr-  effects,  the  whole  canopy 
forward  of  the  aerials  iced  up  between  the  sandwich  layers.  The  aircraft 
had  to  be  flown  on  instruments  throughout  the  flight  as  the  only  part  of 
the  canopy  forward  of  the  aerials  through  which  vision  was  possible  was 
within  a 2"  radius  of  the  air  inlet.  The  D.V.  panel  remained  clear  but  its 
position  is  not  suitable  for  constant  use. 

The  icing  appeared  to  bo  on  the  inner  surface  of  the  outer  canopy 
layer  end  formed  rapidly  on  climbing  above  30,000  ft.  During  descent  the 
ice  thawed  rapidly  below  30,000  ft.  and  at  5,000  ft.  the  canopy  was 
practically  clear  except  for  water  droplets  which  remained  for  some  time, 

8.2  Misting  on  the  inside  of  the  canopy  occurred  during  the  descent 
but  owing  to  the  presence  of  the  ice  between  the  layers  an  assessment  of 
the  effect  of  misting  on  forward  vision  could  not  be  made. 

The  misting  did  not  appear  to  be  severe;  it  could  be  -wiped  off  easily 
with  the  hand  without  rapidly  reforming  and  cleared  quickly  at  low  altitude. 


9.  Discussion  on  water  separator  trials 

9.1  Trials  to  assess  the  need  for  and  effectiveness  of  a -water  separator 
were  made  at  Aden  where  it  was  hoped  conditions  of  high  humidity  and 
temperature  would  prevail.  The  actual  conditions  experienced  during  the  trial 
(O.A.T.  3ACC  and  R.H.  5Cfo)  were  not  os  severe  as  was  expected  but  the  necessity 
of  a separator  -was  established. 

9.2  The  trial  with  the  -water  separator  removed  was  made  at  100  feet 
over  the  sea  and  within  a few  minutes  after  take-off  the  rear  portion  of 
the  cabin  had  become  so  badly  forced  up  that  instruments  only  15'  sway  from 
the  observers  eye  could  not  be  read. 

The  jets  of  vapour  emitted  from  the  louvres  were  about  12"  long  at  200 
knots  and  increased  to  about  30"  long  at  330  knots. 


Y/ater  condensed  on  all  the  cabin  structure  and  ran  in  rivulets  to  form 
puddles  on  the  floor. 

The  forward  cabin  remained  fairly  clear  although  the  bomb  aimer's 
window  was  quickly  covered  with  water  drops  which  ran  down  to  form  a puddle 
at  the  bottom  of  the  window.  The  pilot's  position  remained  clear  ohe  whole 
time  and  no  misting  occurred  on  the  canopy.  This  is  plainly  due  to  solar 
radiation  and  it  is  probable  that  at  night  the  absence  of  solar  radiation 
combined  with  the  effects  of  higher  humidity  wouia  cause  severe  .Logging  in 
the  whole  of  the  oobin.  Fogging  to  the  extent  stated  showed  no  change  at 
altitudes  up  to  4,000  ft.  but  thereafter  gradually  decreases  until  at 
7,000  ft.  only  short  jets  of  vapour  were  emitted  from  the  louvres  and  c 
cabin  was  clear  throughout. 

9,3  Reinstollation  of  the  water  separator  following  by  a repeat  of 
the  previous  trials  resulted  in  no  fogging  or  condensation. 

The  louvres  did  at  times  emit  short  jets  of  vapour  but  these  rapidly 
dispersed  and  caused  no  embarrasssment.  Minor  fbggxng  may  occur  under 
conditions  of  higher  humidity  but  should  not  be  severe. 


1 0,  Discussion  on  the  Cold  Air  System 

10.1  The  overall  performance  of  the  installation  ws  disappointing 
due  mainly  to  the  low  engine  compressor  pressures  at  row  R.- ° 
resultant  small  mass  flow.  /10,2 


10.2  The  loss  of  performance  at  lew  engine  speeds  oould  be  slightly 
improved  by  inoreasing  the  diameter  of  the  high  pressure  pipes  but  the 
increase  in  flow  thus  derived  cannot  bo  oxpocted  to  bo  substantial. 

1 0. 3 During  the  trials  at  Khartoum  the  cabin  outlet  temperatures  were 
approximately  Hoc  below  the  average  cabin  temperature  and  moro  efficient 
use  of  the  cold  air  supplied  to  the  cabin  might  be  obtained  by  installing 
baffles  in  the  region  of  the  discharge  valve. 

10, 2).  Graphs  showing  temperature  and  pressure  variations  in  the  cold 
air  system  are  shown  at  Figs.  57  and  58  whilst  variation  in  pressure  ratio 
with  engine  delivery  pressure  is  shown  at  Fig. 59.  From  the  latter  it 
appears  unlikely  that  pressure  ratios  in  excess  of  3.8  to  1 will  be  attained 
and  as  the  unit  is  already  suitable  for  operation  at  a ratio  of  4*2  to  1 
it  may  be  possible  to  discard  the  P.R.C.  Further  trials  with  an  improved 
production  version  of  the  system  may  substantiate  these  observations, 

10.5  A mass  flow  sufficient  to  cool  the  cabin  during  taxying  can  never 
be  attained  with  the  present  system  which  derives  its  supply  of  air  from 
the  engine  compressor  oasing. 

The  provision  of  separate  engine  driven  compressors  could  however  provi..1 
an  adequate  supply  of  ventilating  air  which  due  to  inefficiency  of  the  heat 
exchangers  during  taxying  may  not  be  delivered  at  very  low  temperatures  but 
would  prevent  stagnation  in  the  cabin  and  possibly  keep  the  temperatures 
lower  than  does  the  present  arrangement. 

10.6  Fig,  60  shows  the  observed  variations  in  mass  flow  with  indicated 
air  speed  and  it  is  noted  that  the  flow  does  not  materially  increase  at 
speeds  in  excess  of  350  knots, 

11 . Defects  experienced  during  Cold  Air  Unit  trials 

11,1  Apart  from  the  unserviceability  of  the  4.2  to  1 P.R.C,  mentioned 
in  para.  4.2  all  major  components  in  the  system  behaved  in  a satisfactory 
manner  throughout  the  trials,  although  some  troubles  were  experienced  with 
anoilliary  equipment  (see  below). 

11.2  The  screwed  type  of  pipe  connection  used  for  the  high  pressure 
pipe  run  between  the  gate  valve  and  Teddington  control  valve  was  mated 
with  threads  of  like  material  which  picked  up  when  attempts  were  made  to 
tighten  or  loosen  the  joint. 

Bad  leaks  had  occurred  at  those  joints  and  an  improved  method  of  mating 
the  pipes  is  desirable, 

11.3  The  clamped  typo  of  pipe  coupling  used  elsewhere  in  the  system 
is  generally  satisfactory  but  prone  to  overtightening.  Failure  of  a olamp 
during  the  trials  was  attributed  to  this  and  a redesigned  clomp  to  prevent 
overtightening  is  recommended. 

11.4  Pipe  lagging  on  the  system  had  been  carried  over  the  pipe  joints 
preventing  easy  inspection  and  aocess.  It  is  considered  that  the  amount 

of  heat  lost  by  orrjfcission  of  lagging  from  the  region  of  the  joints  would  be 
negligible. 

11.5  Failure  of  the  diaphragm  in  the  port  engine  A.C.U.  led  to  strong 
kerosine  fumes  entering  the  cabin  via  the  cold  air  system.  The  tappings 

in  the  engine  compressor  casing  for  the  cold  air  system  and  for  tho 
pressure  line  to  the  A.C.U,  are  closely  spaced  and  a wider  spaoing  should 
prevent  recurrence  of  this  trouble. 

12.  Conclusions  and  Recommendations 


12,1  The  stabilised  cabin  temperatures  reached  whilst  taxying  and 
during  all  conditions  of  lav  level  flying  in  tropical  oonditions  with  the 

/C.A.U.... 


C.A.U.  in  operation  are  in  excess  of  the  A.P.  970  recommended  maximum  (33° o) 
but  providing  the  crew  are  acclimatised  to  high  temperatures  and  v/ear  light- 
weight clothing,  comfort  is  maintained  at  a satisfactory  level  by  virtue  of 
the  jets  of  cooling  air  emitted  from  the  louvres. 

Although  the  cabin  conditions  are  a marked  improvement  over  those 
prevailing  in  an  aircraft  not  fitted  with  a C.A.U. , it  is  considered  that 
the  degree  of  cooling  afforded  by  the  unit  will  be  insufficient  to  maintain 
comfort  if  the  crew  are  heavily  olad  in  preparation  for  high  altitude  flying. 

Modifications  to  inorease  substantially  the  mass  flow  ond  to  diffuse  its 
entry  into  the  cabin  ore  reoommended,  particularly  at  the  low  engine  R.P.M. 
used  v/hilst  toxying. 

12.2  The  results  of  the  ground  temperature  ond  oooling  trials  lead 

to  a recommendation  that  the  aircraft  be  finished  with  a glossy  white  surface 
particularly  over  the  upper  surface  of  the  forward  fuselage  ond  canopy.  Sun 
awnings  should  be  introduced  as  standard  equipment  and  consist  of  white  canvas 
stretched  over  collapsable  structures  to  permit  simple  storage  and  transit. 

Cooling  trolleys  are  not  necessary  for  preparing  the  cabin  for  the 
aircrew  but  should  be  introduced  in  small  numbers  for  servicing  use. 

Where  the  introduction  of  coolin~  air  to  an  aircraft  cabin  is  necessary 
it  is  recommended  that  the  supply  from  the  cooling  trolley  be  fed  into  the 
aircraft's  normal  ducting  by  means  of  an  adaptor  (for  attachment  of  the 
delivery  hose)  which  should  be  situated  externally  e,g.  in  the  wheel  well. 

This  would  leave  the  cabin  doorway  free  of  restrictions  and  permit  easier 
access  for  servicing  personnel. 

12.3  It  is  recommended  that  the  hot  air  supply  to  the  rear  camera  be 
controlled  as  required  to  prevent  damage  to  the  earner^  filters  and  that 
additional  heating  be  provided  at  the  accumulators. 

- 12.4-  The  water  separator  is  an  essential  component  of  the  cold  air 
system  and  should  remain  fitted. 

If  the  mass  flow  is  increased  a larger  capacity  separator  may  be 
necessary. 

1 3,  Further  developments 


13.1  Further  trials  will  bo  necessary  if  the  cold  air  system  is  modified 
in  accordance  with  the  recoiamndations  mode  in  para.  12.1, 

A repeat  of  tire  trials  made  at  Khartoum  may  however  be  unnecessary  and 
a comparison  of  results  with  those  already  obtained  under  temperate  conditions 
may  be  sufficient, 

13.2  The  results  of  cabin  heating  trials  made  in  the  U.K.  after  return 
from  Khartoum  will  be  the  subject  of  a separate  report. 
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CABIN  TEMPERATURES- TROPICAL  SUMMER  (NCHT) 
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I.A.S.  200 KNOTS. 
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AVERAGE  CABIN  TEMPERATURE-TROPICAL  SUMMER  (NIGHT) 
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■Tote  - All  temperatures  are  given  in  degrees  centigrade. 
Llack  bulb  reading  at  pilots  head  position  48°C  at  1500  hrs. 
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VARIATIONS  IN  MASS  FLOW  WITH  ENGNE  DELIVERY 

PRESSURE. 
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FIG.  59. 


VARIATION  IN  MASS  FLOW  WITH  INDICATED  ARSPEED. 


I.A.S.  (KMOT3) 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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